Or ra ad de ea a, , S Se er ri ia a G Ge eo og gr ra af fi ie e X XX XI IX X, no. 1/ /2 20 01 19 9, pp. Abstract: Land and water resources are central focus to agriculture and are linked to environmental challenges like erosion, soil degradation, water pollution, climate change adaptation, destruction of ecosystems and habitat destruction among others. The major driver of these challenges is the use of inappropriate tillage pratices. This study investigated the environmental impact of tillage methods on crop yield and also model the impact associated with tillage methods on crop yield in the guinea savanna ecological zone, Kwara State, Nigeria. Traditional heap (T), Plough/Harrow (PH), Plough/Harrow/Ridge (PHR) and No-till tillage (NT) methods commonly used in the study area were applied to experimental plots at Unilorin Teaching and Research Farm (UTRF) and National Center for Agricultural Mechanization (NCAM), Idofian. Using Randomized Complete Block Design (RCBD), each treatment had three replicates making 12 experimental plots at each location for 2015 and 2016 planting season. Soil Water Assessment Tool (SWAT) was used to simulate the impact of the tillage methods on crop yield in watersheds over two planting seasons. The result findings reveal that crop yield (kg/ha) parameters had PH yield > NT yield (P (0.015) ˂ 0.05) > T yield (P (0.04) ˂ 0.05) and > PHR yield (P (0.046) ˂ 0.05) for UTRF and NCAM sites in 2015 while in 2016, PH yield > T yield (P (0.026) ˂ 0.05) > PHR yield (P (0.046) ˂ 0.05) and no statistical difference between PH and NT at both locations. Also, in the UTRF site, plant height, number of leaves, leave length and leave width explained 59.3% and 43.3% in 2015 and 2016 of the variance in the yield of maize respectively, while in NCAM site, these variables explained 54.7% and 1.1% in 2015 and 2016 respectively. The study concludes that the different tillage methods impact on the crop yield, however, Plough/Harrow had comparatively favorable effect on the soil environment, contribution to surface runoff and crop yield. It is therefore recommended that PH should be adopted for a sustainable environment.
INTRODUCTION
Many studies have investigated the effect of soil tillage on crop yields, however the results are often contradictory owing to different soils and crops and using different tillage intensities. Some authors reported sustained or increased crop productivity in conservation tillage, but usually a negative yield impact was observed depending on the duration and extent to which the conservation tillage is enacted, crop type, as well as on the climate region. The effect of tillage systems on crop yield is not uniform with all crop species, in the same manner as various soils may react differently to the same tillage practice.
According to Cook and Trlica (2016) , Corn-yield reductions during the first several years after conversion to Notill from conventional tillage have been noted particularly on poorly drained soils, in Continuous Corn rotations, on certain soil types (e.g., high Organic Matter, fine texture), and in colder, wetter, and more northernly climates. However, other Notill studies have shown no distinct effect of tillage on yield and even a yield advantage in certain years indicating that relative crop performance under Notill may depend on environmental and management interactions. Agbede et al., (2008) reported that compared with zero tillage methods, mechanized tillage methods caused reduction in plant height, leaf area, stalk girth, dry matter and grain yield and also gave lower N, P, k, Ca and Mg content of the plant. Growth and yield parameters reduced with increased implement pass. Hence, Grain yield was reduced by 11 to 25% as a result of mechanized tillage which was not favourable to performance of sorghum. Senjobi et al., (2013) concluded that the traditional tillage system resulted in the most favorable soil environment, for crop growth and best performance of crop followed by conventional and no-tillage system in the area studied respectively. The significant difference in yields adduced to lower bulk density, higher water holding capacity and porosity which increased plant root proliferation and optimal utilization of soil nutrients under tilled methods. Hence tillage methods have the capability to increase production while no-tillage is better under long term production for sustainable land use.
Policymakers and environmentalists believe that there is an urgent need for a change in the agricultural land management practices towards the adoption of "best management practices" (Amir and Theodor, 2012; Derpsch and Friedrich, 2010; Herman, 2010; IAASTD, 2009; FAO, 2008; IPCC, 2007) . Some of such agricultural land management practices include crop rotation, alternate management practices on cultivated land, and conservation tillage practices. Besides, numerous Federal and State incentive-based programmes have been introduced in order to improve several environmental amenities. Some of the programmes are the Conservation Reserve Program (CRP), the Environmental Quality Incentive Program (EQIP), the Wetland Reserve Programs, Agricultural Development Programme (ADP) among others. The information from the literature point to the fact that tillage practices have great impact on the soil physical, chemical and biological properties, runoff amount, sediment loss, nutrient cycling (input and output), velocity, water quality and crop yield (Aina, 2011; Ohu, 2011; IAASTD, 2009; Giller et al., 2009; Mostaghimi et al., 1988; Lal, 1989) . However, the type of soil, slope, precipitation amount, climatic condition, and the type of crop planted vary from place to place consequently influencing the level of impact of tillage on crop yield. This study investigated the environmental impact of tillage methods on crop yield and also modeled the impact associated with tillage methods on crop yield. (Ahaneku, 1990) . The climate of the study area falls within the tropical hinterland climatic zone. It is tropical and seasonal having dry season occurring between November to April, and rainy season between May and October (Mustapha, 2008 
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Materials and Methods
Four treatments with three replicates were carried out using Randomized Complete Block Design (RCBD). They were treatment A (zero or no-tillage-NT), treatment B (plough and harrow-PH), treatment C (plough, harrow and ridge-PHR), and treatment D (heap traditional farming-T). These are conservative and conventional tillage types used in the study area. Simulation was made from the experimental plot for the entire Oyun drainage basin. Maize (Zea Mays. L. SWAM 1 variety) was planted for two farming seasons (i.e 2015 and 2016 farming year) on plot size of 5m x 5m at spacing of 75 cm between rows and 50 cm within row. NPK (15:15:15) fertilizer was applied at 4 weeks and 8 weeks of planting, pre-emergence and post emergence herbicide for weed control were administered on the sets of the experimental plot as a normal agronomic practice.
These covered for both conventional and conservative tillage methods used in the study area. Soil Water Assessment Tool (SWAT) was also used to model the impact of tillage on crop yield through a ARCSWAT 2012. Most of the yield parameters measured was recorded highest on the Plough/Harrow and Plough/Harrow/Ridge tillage method except for the leaf area index which was recorded highest on Traditional heap and Notill tillage methods (see table 1 and 2). For instance, at highest mean value of leave width, leave length and maize height, an improved maize yield was recorded on PHR plot at the NCAM experimental site in both years while only 2015 recorded high yield on PH plot. The reverse is the case for UTRF experimental site where majority of the yield parameters were recorded highest on the Traditional heap and Notill methods. Also, leave length, number of leave area and plant height recorded an improved maize yield on Traditional heap plots in 2016 but 2015 was recorded high yield on Plough/Harrow plot. In addition, Plough/Harrow plot recorded the highest yield value for both site in 2015 although this was not the case in 2016. This implies that there is an improved maize yield in the application of PH compared with the other tillage types (see figure 3-8). Table 3 shows that there was no significant impact of the tillage methods on maize height on the UTRF experimental site in 2015 and 2016 (p value (0.705) > 0.05 and p value (0.562) > 0.05 respectively). For the NCAM site, there was no significant impact of the tillage methods on maize height in 2015 (p value (0.317) ˂ 0.05) but there is a significant impact of the tillage methods on maize height in 2016 ( p value (0.01) ˂ 0.05). Hence, tillage methods do affect the maize height although a remarkable effect was not marked between 2015 and 2016. Table 6 In addition, table 7 reveals that leave area index across the four-tillage type (T, PH, PHR and NT) are not significantly different in 2015, but they are significantly different in 2016 with p value (0.134) > 0.05 and (0.003) < 0.05 respectively. The result indicated that leave area index were independent of tillage types at UTRF experimental site in 2015, but are influenced by tillage type in 2016. Also, the leave area index across the four tillage types (T, PH, PHR and NT) were not significantly different at NCAM experimental site in both 2015 and 2016 with p value (0.651 and 0.396) > 0.05. It implies that tillage type has no significant impact on leave area index in 2015 and 2016 at NCAM experimental site. Maize leaf area is of importance to photosynthesis and yield. The photosynthetic capacity of crops is a function of leaf area. Leaf area is important for crop light interception and therefore has a large influence on crop yield. The findings in 2016 is in agreement with Sullivan (2003) as cited in Karuma et al., (2016) who reported higher LAI values in maize cultivated under conventional tillage and attributed this to improved access to soil moisture as compared to no-till. Thus, higher LAI results in better ground cover for lesser soil water evaporation and increased weed suppression. Therefore, the differences in maize LAI under the different tillage practices can also be attributed to the differences in exploration of the maize roots for soil moisture in the soil profile. For crop yield, table 8 shows that the regression model for the tillage methods significantly impacted on crop yield in 2015 but not in 2016 on the UTRF experimental site with a coefficient of determination of 59.3% for 2015 which is relatively high and 43.3% for 2016 respectively. This further shows that there is a strong relationship and it is statistically positive with r 2 = 0.593. This implies that an improvement on the tillage methods will bring about increase to the maize yield in 2015 on UTRF site only. There is a relatively weak relationship and statistically positive with r 2 = 0.433 between maize yield and tillage methods. This also implies that the tillage methods improves maize yield in 2016 as shown by the research findings in the experimental farm. The Turkey test for 2015 further shows that on UTRF experimental plots, PH yield > NT yield (p value (0.015) ˂ 0.05), PH yield > T yield (p value (0.04) ˂ 0.05) while PH and PHR are not statistically different in crop yield. The Turkey test for 2016 shows that on UTRF experimental plot, T yield > NT yield (p value (0.042) ˂ 0.05) while there is no significant difference between the other treatment plots. On NCAM experimental plot, the tillage methods significantly impact on crop yield in 2015 but not in 2016 with a coefficient of determination of 54.7% which is relatively high and 1.1% respectively as shown in table 6-9. This shows that there is a strong relationship and direct that is statistically positive with r 2 = 0.547 between tillage methods and maize yield at NCAM Plot. This implies that the tillage methods improve maize yield only in 2015 on NCAM site. There is a very weak direct relationship and but statistically positive with r 2 =0.011 between the tillage methods and maize yield because there are other env ironmental factors which contributed largely to the maize yield at the expense of the tillage methods in the area. This also implies that the tillage methods improves maize yield in 2016 as shown by the research findings in the experimental farm. The Turkey test for 2015 on NCAM shows that PH yield > T yield (p value (0.026) ˂ 0.05). Also, PH yield > PHR yield (p value (0.046) ˂ 0.05) which is statistically significant. There is no statistical difference in maize yield between PH and NT. The Turkey test for 2016 experimental treatment revealed that there is no significant difference between all the treatment plots.
Impact of Tillage Methods on Maize Yield Parameters
The SWAT analysis generated three (3) hydrological response units (HRU) each for the two study areas. The HRU is the smallest spatial unit of the model because it lumps all similar land use, soil, elevation profile, and slope within a sub basin based on user defined threshold. Shown in tables 2 is the distribution of the HRU in UTRF and NCAM sub catchments. Figure 2 shows a schematic representation of the hydrologic cycle modeled in SWAT for the study areas. In simulating the impact of the different tillage methods, Soil Water Assessment T model for both UTRF and NCAM experimental plots are 17.27 and 16.09 metric tons/ha. On UTRF site, NT, T and PHR treatment plots had the same value of 4.32 metric tons/ha while PH plot had 4.31 metric tons/ha. On NCAM experimental plot, all the tillage types had the same value of 4.03 metric tons/ha as shown in table 11. The modeled summary for crop yield is shown in figure 5 . According to Aina (2011) , No-tillage has proven to be an attractive alternative for maize (Zea mays L.) and other row crops on coarse-textured soils in the humid' and subhumid tropics while in the semi-arid region with fine textured soils, some type of conventional tillage system of mechanical seedbed preparation (plowing and harrowing) is necessary. The frequency and type of mechanical operation desired depends on soil characteristics and the crops to be grown.
The observations reveal that Plough/Harrow tillage method is the most suitable for optimum crop yield in maize production in this ecological zone. Therefore, the application of this tillage type by farmers in the study area is expected to give increased maize yield as well as conserve water and soil quality. Furthermore, the variations experienced between the two planting seasons in the crop yield on UTRF and NCAM experimental sites are probably due to innate soil properties, texture, structure, type of soil, weather variability among others. Lal (1986) observed increased maize grain yields on plots with no-till treatment (2.5 t ha-1) compared with the plow-till treatment (2.0 t ha-1) in southwest Nigeria. Also, Agbede et al., (2008) , Obalum et al., (2011), and Senjobi et al., (2013) had different conclusion in their studies that traditional tillage system resulted in the most favorable soil environment, for cro p growth and best performance of crop followed by conventional and no-tillage system and concluded that tillage methods have the capability to increase production while no-tillage is better under long term production for sustainable land use. 
CONCLUSION AND RECOMMENDATION
The study concludes that the different tillage methods impact on the crop yield, however, Plough/Harrow had comparatively favorable effect on the soil environment, contribution to surface runoff and crop yield. It is therefore recommended Plough/Harrow should be adopted for a sustainable environment due to its comparatively favorable effect on the soil environment, contribution to surface runoff and crop yield in this ecological zone.
